To prevent and minimize skeletal-related diseases, early diagnosis of bone metastases is important. However, previous reports have shown that plain radiography has low sensitivity and fails to screen multiple asymptomatic lesions. Limited investigations have been reported on the value of plain radiography in the diagnosis of symptomatic bone metastases. Therefore, this study aimed to investigate the diagnostic utility of plain radiography for symptomatic bone metastasis.
Introduction
In Japan, the number of elderly people aged 65 years or older continues to increase, and accordingly, the number of patients with cancer also continues to increase 1 .
Among patients with either breast or prostate cancer, 70% develop bone metastases, and 25% of patients with breast cancer develop pathological fractures 2 . To prevent and minimize skeletal-related diseases, early diagnosis of bone metastases is important. However, in practice, it is difficult to diagnose bone metastases early on the basis of the clinical course and physical findings, probably because the age of onset and initial symptoms are frequently similar to those in multiple common orthopedic diseases, such as degenerative spinal diseases.
In Japan, most patients with pain in the extremities or spinal column directly visit an orthopedic practitioner in an independent clinic or a hospital-based clinic. In such orthopedic clinics, plain radiography is usually performed at the first visit. In general, the sensitivity of diagnosis of bone metastasis using only plain radiography is very low, at around 30%, which is considered to be unsuitable for early diagnosis 3 . However, most previous reports on the diagnostic ability of an imaging study for bone metastasis are based upon screening of bone metas- Symptomatic bone metastatic lesions are usually more advanced than lesions diagnosed by screening in most patients. Accordingly, they are presumed to be more easily diagnosed by plain radiography than asymptomatic bone metastases. The hypothesis of this research was that plain radiography can be useful for the diagnosis of symptomatic bone metastasis. To support this, we performed a retrospective, blinded evaluation of plain radiographs obtained during the first clinical visit.
Materials and Methods
This retrospective study was approved by our institutional review board and was conducted in accordance with the Declaration of Helsinki. This study was conducted at the orthopedics department at a single university hospital. The plain radiography data for bone metastasis taken within 2 weeks of the first visit to any clinic were retrospectively evaluated by 2 experienced orthopedic surgeons for depiction of bone metastases. The data were then reviewed by another 2 experienced orthopedic surgeons in a blinded manner, followed by blinded review by 2 additional certified orthopedic surgeons and 7
orthopedic surgeons in training with differing years of orthopedic experience.
Participants
The consecutive series of 129 patients were selected by Demographic characteristics of patients are summarized in Table 1 .
In case plain radiographs were taken at multiple timepoints within 2 weeks from the first visit, those taken at or closest to the first visit were used. In general, 2 images of anterior-posterior and lateral views that contained the site of bone metastasis relating to the main symptoms were selected for evaluation. The plain radiographs did not contain the site of bone metastasis for 4 patients.
These images were still included in the study, as selection of an appropriate imaging site is part of a clinician's ability. In addition, this data set was used as a negative control in blind tests. For these patients, radiographs ob- 
Image Analysis
Part 1. In order to determine the diagnostic ability of Lung (8) Inter-observer and intra-observer agreements between the 2 experienced orthopedic surgeons were evaluated using Table 2 . The interobserver agreement between the 2 experienced orthopedic surgeons described in Part 1 was moderate (kappa value, 0.44; 95% CI 0.14 to 0.75; p=0.0075).
Part 2. Accuracy, sensitivity, and specificity of plain radiography for symptomatic bone metastasis around the first visit, upon blind review by another 2 experienced orthopedic surgeons who were only aware of the primary complaint are shown in Table 3 and Table 5 . The inter-observer and intra-observer agreements were moderate to substantial. Diagnostic rates of bone metastasis for different locations are shown in Table 6. The clinicians' ability to diagnose using radiography was not high (mean accuracy: 69.1%) for spinal lesions, while it was very high (95.5%) for long bones. The sensitivity for detection of a pedicle sign was less than 50% ( Table 7) . (Fig. 3) .
Discussion
The most important finding of this study was that the sensitivity of plain radiography around the time of the first visit for symptomatic bone metastasis was relatively high (71.4%) and the accuracy and sensitivity of blind evaluation of plain radiographs were over 50%. These findings were higher than the diagnostic results from screening of plain radiographs for bone metastasis that was not restricted to symptomatic bone metastasis, as re- diography diagnosis of osteolytic bone metastasis, it is necessary to comprehensively check the contours of the spinous processes, the facet joints, the vertebral bodies, and the faint thinning of trabeculae, and not only the pedicle.
All patients examined in this study reported pain. Although the mechanism of pain development in bone metastasis is not sufficiently elucidated, complex interactions among cancer cells, bone cells, and peripheral nerve cells seem to be related to this mechanism 8 . It is presumed that nerve stretching that accompanies an increase in tumor size in the bone marrow and direct infiltration into the nerve are related to this mechanism, in addition to any microfracture due to bone loss 9 . It should be noted that bone loss and degree of pain are not always proportional in practice, and this is one of the limitations of plain radiography for the diagnosis of symptomatic bone metastasis.
The present study showed that the mean blind detection rate for orthopedic surgeons with plain radiography for lesions known to be positive was 73%. This is certainly lower than the detection rate of fractures in patients in an emergency room (94 99%) 10 , and the detection rate of any abnormality on chest, abdominal, and musculoskeletal plain radiography (80 83%) 11 , suggesting the associated difficulty in diagnosing bone metastasis using plain radiography. This study also showed that there was a strong and significant correlation between accuracy and observers' years of experience in orthopedic surgery among trainees, which suggests that there is a learning curve during the training period. On the other hand, data from the scatter chart (Fig. 3) suggests that the diagnostic ability may mature after becoming a certified orthopedic surgeon. As bone metastasis is less frequently encountered than common orthopedic diseases such as osteoarthritis in daily practice, orthopedic trainees need specialized plain radiography interpretation training for the diagnosis of bone metastasis and to become familiar with early interpretation. Moreover, it also suggests that it is important to create useful plain radiography interpretation learning material for bone metastasis.
The present study has some limitations. First, this study was a retrospective study, and secondly there exists a sampling bias as the number of patients with available plain radiography were only about half of all qualified patients. If nearly the same number of cases as those examined in this study were also added to this study, there is a possibility that the cumulative result may vary.
Despite these limitations, there are notable strengths that deserve mention. To the best of our knowledge, this is the first study to investigate the diagnostic ability of plain radiography for symptomatic bone metastasis around the time of first visit. We believe that our results can contribute to improvement in the early diagnosis of bone metastasis.
In conclusion, plain radiography at the time of the first visit can have a definitive role in the early diagnosis of symptomatic bone metastasis. As plain radiography is frequently conducted at the time of the first visit in medical practice in Japan, this study may be advantageous for early detection of bone metastasis. In order to make it even more useful, it is important to improve the ability of practitioners to interpret plain radiographs for the diagnosis of bone metastasis.
